1. Introduction {#sec1-ijms-20-02448}
===============

Today, the standard of care for locally advanced rectal cancer (LARC) consists of neoadjuvant radio(chemo)therapy followed by radical resection. The evolution from surgery as the only treatment to a multimodal concept has resulted in excellent oncological outcomes \[[@B1-ijms-20-02448],[@B2-ijms-20-02448]\]. There are some known unfavorable prognostic factors indicating a higher risk of local and systemic relapse, such as high tumor stage, lymph node metastasis, R1 or R2 resection, lymphovascular invasion, and poor pathological response to neoadjuvant treatment \[[@B2-ijms-20-02448],[@B3-ijms-20-02448]\]. Still, patients with comparable risk profiles can have a wide variation of oncological outcomes. An important factor contributing to this phenomenon might be the differential interaction between the individual tumor microenvironment and the patient's immune system \[[@B4-ijms-20-02448],[@B5-ijms-20-02448]\]. In recent years, evidence has grown that local and systemic inflammatory responses are associated with inferior outcomes for solid tumors like renal cell carcinoma, hepatocellular carcinoma, or gastric and esophageal cancer \[[@B6-ijms-20-02448],[@B7-ijms-20-02448]\]. This tumor-related inflammatory response can be reflected by hematological parameters like, amongst others, a high leukocyte count, elevated C-reactive protein (CRP), or the ratios of different cell types, e.g., the neutrophil-to-lymphocyte ratio (NLR) \[[@B8-ijms-20-02448]\]. This was confirmed by several, mainly retrospective studies \[[@B9-ijms-20-02448],[@B10-ijms-20-02448],[@B11-ijms-20-02448],[@B12-ijms-20-02448],[@B13-ijms-20-02448],[@B14-ijms-20-02448],[@B15-ijms-20-02448]\]. However, to our knowledge, tumor burden has not been differentially evaluated in uni- and multivariate analyses.

Therefore, the aim of this study was to investigate the prognostic value of pretherapeutic blood-derived hematological parameters on early and long-term oncological results in patients with LARC, considering the primary tumor volume as a potentially confounding variable.

2. Results {#sec2-ijms-20-02448}
==========

A total of 220 patients with UICC (Union Internationale Contre le Cancer, 8th edition) stage II or III rectal cancer (64.5% male, 35.5% female) with a median age of 65.5 years were treated during the defined timeframe. Median follow-up was 67 months. Patient- and treatment-related parameters are summarized in [Table 1](#ijms-20-02448-t001){ref-type="table"} and [Table 2](#ijms-20-02448-t002){ref-type="table"}. Baseline hematological parameters are shown in [Table 3](#ijms-20-02448-t003){ref-type="table"}; for 108 patients, a baseline differential blood count was available.

For the entire group, five-year local control, distant control, disease-free survival (DFS), and overall survival (OS) were 92%, 79%, 70%, and 85%, respectively. For DFS of the entire group, the area under the curve on receiver operator characteristics (ROC) analysis was 0.60, 0.57, and 0.42 for the ratios of neutrophil-to-lymphocyte, platelet-to-lymphocyte, and lymphocyte-to-monocyte, respectively. We therefore included the NLR in subsequent analyses. Youden's test revealed an NLR of 4.06 as optimal to predict DFS events. On univariate analysis of pretherapeutically available parameters, DFS was significantly worse in patients with larger primary tumors (*p* = 0.003), an elevated NLR (*p* = 0.001), an elevated neutrophil count (*p* = 0.019), and an elevated leucocyte count (*p* = 0.023). All variables with *p* \< 0.1 in univariate analysis (T-stage, gross tumor volume (GTV), NLR, absolute neutrophil and leukocyte counts) were included in the multivariate analysis for DFS. Among these, only tumor volume (HR 0.33, 95% CI (0.14--0.83), *p* = 0.017) and NLR (HR 0.3, 95% CI (0.11--0.81), *p* = 0.017) remained significant on multivariate analysis ([Table 4](#ijms-20-02448-t004){ref-type="table"}).

[Figure 1](#ijms-20-02448-f001){ref-type="fig"} shows DFS in relation to NLR. Patients with a histologically good response (Dworak regression grade 3--4) to radiotherapy also had a lower NLR than patients with less pronounced tumor regression (Dworak regression grade 0--2) (3.0 vs. 4.2, *p* = 0.015).

A strong correlation between primary tumor volume and NLR was seen (Pearson's *r* = 0.64, *p* \< 0.001). Moreover, patients with T4 tumors had a significantly higher NLR than patients with T1--T3 tumors (6.6 vs. 3.3, *p* \< 0.001), as depicted in [Figure 2](#ijms-20-02448-f002){ref-type="fig"}.

3. Discussion {#sec3-ijms-20-02448}
=============

Cancer-related inflammation is a field of growing scientific interest. In an update of "The Hallmarks of Cancer", "avoiding immune destruction" and "tumor-promoting inflammation" have been accepted as an emerging hallmark and an enabling characteristic of cancer, respectively \[[@B16-ijms-20-02448],[@B17-ijms-20-02448]\].

In the present study, we investigated the impact of immune cells as a marker of an inflammatory state on oncological results after radiochemotherapy in LARC. To the best of our knowledge, our study is the first to include the actual tumor volume in the statistical analyses.

The local interaction of tumor cells with immune cells such as neutrophils, myeloid-derived suppressor cells, macrophages, and lymphocytes, together with endothelial and stromal cells, can have both pro- and antitumoral effects. In this context, a higher degree of infiltrating lymphocytes has been established as a positive prognostic factor, whereas a high intratumoral neutrophil count has been found to be an independent negative prognostic factor for pathologic response, DFS, and OS in colorectal carcinoma \[[@B12-ijms-20-02448],[@B18-ijms-20-02448],[@B19-ijms-20-02448],[@B20-ijms-20-02448],[@B21-ijms-20-02448]\].

There is a complex interaction between local cancer-related immune response and systemic immune reaction, as both immune and tumor cells can secrete cytokines and chemokines into the systemic circulation. This communication of the tumor with other organs such as the bone marrow or the spleen can lead to aberrant myelopoiesis, resulting in further recruitment of immune cells into the tumor microenvironment \[[@B19-ijms-20-02448],[@B20-ijms-20-02448]\]. Hereby, a high systemic count of myeloid-derived immune cells such as monocytes, macrophages, and neutrophils has been associated with an inferior prognosis and tumor progression, in contrast to a high peripheral number of lymphocytes \[[@B19-ijms-20-02448],[@B20-ijms-20-02448],[@B22-ijms-20-02448]\]. Especially, the ratio of myeloid-derived immune cells as potential tumor-favoring counterparts of lymphocytes with potential antitumor action can serve as a predictive tool in patients with otherwise equally distributed established risk factors. In a systematic review including over 10,000 patients with advanced rectal cancer, an elevated pretherapeutic NLR has been found to correlate with poor cancer-specific and overall survival \[[@B9-ijms-20-02448]\]. Accordingly, in our study cohort, patients with an elevated pretherapeutic NLR (\>4.06) showed an inferior DFS in multivariate analysis. This cut-off is in line with previously reported cut-off values for NLR \[[@B9-ijms-20-02448],[@B13-ijms-20-02448],[@B23-ijms-20-02448],[@B24-ijms-20-02448]\]. In addition to NLR, only pretherapeutic tumor volume was significantly associated with DFS in multivariate analysis. Furthermore, a higher pretherapeutic NLR was associated with a lower probability of achieving a good pathological response to neoadjuvant therapy, confirming the relation between tumor-associated inflammation and radioresistance, as previously described \[[@B11-ijms-20-02448],[@B12-ijms-20-02448],[@B13-ijms-20-02448],[@B14-ijms-20-02448],[@B25-ijms-20-02448],[@B26-ijms-20-02448]\]. One could envision personalizing treatments according to the baseline NLR, for instance by intensifying a treatment via dose-escalated radiotherapy or intensified systemic treatment in patients with an elevated NLR. Alternatively, patients with a very favorable NLR might have a higher chance to achieve a clinical complete response and could be managed non-operatively, a concept which is currently tested in several clinical trials \[[@B27-ijms-20-02448]\].

Interestingly, we found a strong association between NLR and primary tumor volume, with T4 tumors having the highest NLR. This finding is in accordance with the results of Kim et al., who found an association of both a higher NLR and a larger tumor diameter in pretherapeutic radiologic staging with a lower probability of achieving a good histological response. In their study, a poor histological response and a higher pretherapeutic NLR were significantly associated with an inferior cancer-specific survival \[[@B26-ijms-20-02448]\]. This finding could indicate that the NLR might be influenced by the primary tumor volume, which itself is a negative prognostic factor \[[@B2-ijms-20-02448],[@B3-ijms-20-02448],[@B28-ijms-20-02448]\].

There are a couple of studies that found a correlation of both higher clinical T stage and NLR with either pathologic response to neoadjuvant therapy \[[@B26-ijms-20-02448]\] or long-term oncological outcome \[[@B9-ijms-20-02448],[@B12-ijms-20-02448],[@B15-ijms-20-02448]\]. In a systematic review by Haram et al., a higher NLR was associated with a higher T stage or stage III--IV disease. This finding could be confirmed by our cohort, which showed a significantly higher NLR in patients with T4 tumors compared to patients with T1--T3 tumors ([Figure 2](#ijms-20-02448-f002){ref-type="fig"}). A higher degree of local infiltration of the tumor and surrounding tissue by neutrophils and other myeloid cells and consecutive remodeling of their activity by the tumor microenvironment can lead to enhanced proliferation, angiogenesis, and metastatic potential of the tumor. This might result in higher T-stage and advanced-stage disease as well as worse pathological response and eventually inferior prognosis \[[@B19-ijms-20-02448],[@B21-ijms-20-02448],[@B29-ijms-20-02448]\]. The inflammatory response in the tumor microenvironment maintains the systemic inflammatory reaction, leading to sustained high levels of inflammatory markers and immune cells. Liu et al. found an association between absolute number of systemic lymphocytes and pathologic response; furthermore, they showed that a higher peripheral lymphocyte count was associated with a higher infiltration of CD4+ and CD8+ cells into the tumor \[[@B18-ijms-20-02448]\]. Likewise, an effective local or systemic treatment of tumors leads to a decline of systemic inflammatory markers, so that a link between tumor mass and the degree of systemic inflammatory response, which our data emphasize, seems reasonable \[[@B19-ijms-20-02448],[@B29-ijms-20-02448],[@B30-ijms-20-02448],[@B31-ijms-20-02448],[@B32-ijms-20-02448]\]. The knowledge of this association is important for the interpretation of the study results and the design of translational studies that investigate the underlying mechanisms.

4. Materials and Methods {#sec4-ijms-20-02448}
========================

In this retrospective study, we included patients with locally advanced rectal cancer treated with preoperative long-course 5-fluorouracil-based radiochemotherapy between 2006 and 2013. Treatment-related details were described in a preceding study with an overlapping patient cohort \[[@B33-ijms-20-02448]\]. Patient and tumor characteristics, follow-up data, and differential blood counts before and during treatment were extracted from the patients' electronic charts using "Swisslab Laboratory information technology systems" (Nexus AG, Donaueschingen, Germany). Blood cell count and white blood cell differentiation were performed using the flow cytometry-based ADVIA 2120 Hematology system. Serum concentrations of carcinoembryonic antigen were determined using the ADVIA Centaur immunoassay system, and plasma concentrations of C-reactive protein were measured on the ADVIA 1800 clinical chemistry analyzer using the wide-range assay (all instruments from Siemens Healthineers, Eschborn, Germany). The study was approved by the institutional review board of the Medical Faculty in Tübingen/Germany (Ethik-Kommission an der Medizinischen Fakultät der Eberhard-Karls-Universität und am Uniklinikum Tübingen, 21 December 2015, Identification Code: 733/2015BO1).

Kaplan--Meier survival estimates were calculated from the last fraction of radiotherapy. Death of any cause and local and distant treatment failures were considered events for DFS estimation. Local control and distant control were calculated on a "first-event" basis. Median follow-up was calculated using the reverse Kaplan--Meier method \[[@B34-ijms-20-02448]\]. The log-rank test was used to compare groups in terms of survival. Multivariate analysis was carried out using Cox-regression. ROC were created in order to determine the accuracy of blood cell components and the neutrophil-to-lymphocyte, platelet-to-lymphocyte, and lymphocyte-to-monocyte ratios to predict treatment failures and to define optimal cut-offs using the Youden test. In order to define the volume of the primary tumor, the "gross tumor volume" structure in the planning computed tomography was reviewed by C.G. or L.H.B and re-contoured if required. Oncentra masterplan was used for tumor delineation. Tumor regression was classified according to Dworak \[[@B35-ijms-20-02448],[@B36-ijms-20-02448]\].

The distribution of categorical variables was studied by the Chi-square test. Correlations between linear variables were studied according to Pearson, with a correlation coefficient \>0.5 indicating a strong correlation. Student's t-Test and Mann--Whitney's U-Test were used to compare groups on the basis of the presence of a normal distribution. A *p*-value \<0.05 was considered significant for all tests. All statistical analyses were performed in SPSS 25 (IBM, Armonk, New York, NY, USA).

5. Conclusions {#sec5-ijms-20-02448}
==============

In this study cohort, patients with an elevated pretherapeutic NLR (\>4.06) showed a poor pathological response to neoadjuvant 5-FU-based radiochemotherapy as well as an inferior DFS in multivariate analysis. Furthermore, there was a strong correlation between NLR and tumor burden. A higher tumor burden was significantly associated with poor DFS in multivariate analysis. T4 tumors had a higher NLR compared to T1--T3 tumors.

There appears to be a strong link between tumor-associated immune response, the effectiveness of local and systemic therapies, and eventually the oncological outcome of the patients. Preclinical and clinical data demonstrate this link and provide a rational on how immune cells might promote aggressiveness, invasiveness, and metastatic potential of tumor cells. Yet, the strong correlation between NLR and tumor volume raises the question whether parameters like the NLR are causative of the inferior prognosis or only a result of larger tumors triggering an inflammatory response in patients with advanced tumors. Therefore, we strongly emphasize the need for well-designed translational studies evaluating systemic inflammation cells and markers and intratumoral immune reaction in pre- and post-therapeutic histological specimens and oncological outcomes.
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ijms-20-02448-t001_Table 1

###### 

Patient- and tumor-related parameters.

                                            Median    IQR
  --------------------------- ------------- --------- -------
  Age (years)                 65.5          15        
  Tumor location (cm)         6             6         
  CEA (mg/dL)                 3.88          8,7       
  Primary tumor volume (cc)   33.86         48        
                                            ***n***   **%**
  Gender                      Male          142       64.5
  Female                      78            35.5      
  T-stage                     T1            1         0.5
  T2                          7             3.2       
  T3                          193           87.7      
  T4                          19            8.6       
  N-stage                     cN0           39        17.7
  cN+                         181           82.3      
  Grading                     G1            17        7.7
  G2                          173           78.6      
  G3                          24            10.9      
  Missing                     6             2.7       
  Location                    Lower third   92        41.8
  Mid third                   115           52.3      
  Upper third                 13            5.9       

IQR: Interquartile range, CEA: carcinoembryonic antigen.

ijms-20-02448-t002_Table 2

###### 

Treatment-related parameters.

                               Subgroups   *n*    \%
  ---------------------------- ----------- ------ ------
  Chemotherapy dose            Complete    208    94.5
  Incomplete                   12          5.5    
  Type of surgery              LAR         158    71.8
  APR                          62          28.2   
  TME Quality                  Perfect     66     30.0
  Intermediate                 17          7.7    
  Poor                         7           3.2    
  Missing                      130         59.1   
  Postoperative T-stage        ypT0        36     16.4
  ypT1                         16          7.3    
  ypT2                         66          30.0   
  ypT3                         94          42.7   
  ypT4                         8           3.6    
  Postoperative N-stage        ypN0        164    74.5
  ypN1                         38          17.3   
  ypN2                         18          8.2    
  Resection status             R0          214    97.3
  R1                           5           2.3    
  Rx                           1           0.5    
  Dworak regression            0           27     12.3
  1                            70          31.8   
  2                            1           0.5    
  3                            44          20.0   
  4                            35          15.9   
  missing                      43          19.5   
  Postoperative Chemotherapy   yes         122    55.5
  no                           40          18.2   
  missing                      58          26.4   

TME: Total mesorectal excision.
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###### 

Baseline blood counts.

                     *n*   Median   Min    Max      IQR
  ------------------ ----- -------- ------ -------- ---------
  CRP                191   0.26     0.01   11.79    0.63
  White cell count   217   7840     4080   18,920   2570
  Platelets          216   297      147    810      123.25
  Neutrophils        109   5368     808    15,673   2062.69
  Lymphocytes        108   1536     521    4438     778.49
  Monocytes          108   486      185    1091     186.32
  NLR                108   3.11     1.23   18.85    1.71
  LMR                108   3.32     1.14   8.08     1.97
  NMR                108   11.04    6.35   28.67    4.45
  PLR                108   0.18     0.05   0.98     0.13

CRP: C-reactive protein, NLR: neutrophil-to-lymphocyte ratio, LMR: lymphocyte-to-monocyte ratio, NMR: neutrophil-to-monocyte ratio, PLR: platelet-to-lymphocyte ratio.
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###### 

Univariate and multivariate analysis for disease-free survival (DFS).

  Univariate Analysis      Multivariate Analysis                                                      
  ------------------------ --------------------------------- ----------- ----------- ---------------- -----------
  Primary tumor location   Lower third vs. upper/mid third   *p*         HR          95% CI           *p*
  0.725                    \-                                \-          \-                           
  T-stage                  cT1/cT2/cT3 vs. cT4               0.087       1.19        0.43--3.30       0.733
  N-stage                  cN0 vs. cN+                       0.571       \-          \-               \-
  **GTV**                  **≤33.86 cc vs. \>33.86 cc**      **0.003**   **0.338**   **0.14--0.83**   **0.017**
  Age                      ≤ 65.5 vs. \> 65.5                0.139       \-          \-               \-
  CEA                      ≤ 3.88 vs. \> 3.88                0.16        \-          \-               \-
  Grading                  G3 vs. G1/G2                      0.133       \-          \-               \-
  CRP                      ≤ 0.26 vs. \> 0.26                0.324       \-          \-               \-
  **NLR**                  **≤ 4.06 vs. \> 4.06**            **0.001**   **0.3**     **0.11--0.81**   **0.017**
  Neutrophil count         ≤ 6021 vs. \> 6021                0.019       2.195       0.61--7.86       0.227
  Leukocyte count          ≤ 8120 vs. \> 8120                0.023       0.375       0.13--1.10       0.074

GTV: gross tumor volume; The bold was added to highlight the only two statistically significant variables in multivariate analysis.
